Abstract. Ant-like stone beetles (Coleoptera: Scydmaenidae) include more than 4,850 described species in about 90 genera maintained as a separate cosmopolitan family since 1815. Recent authors have hypothesised that Scydmaenidae might be rooted deep inside rove-beetles (Staphylinidae). To test this hypothesis we analysed 206 parsimoniously informative larval and adult morphological characters scored for 38 taxa. Strict consensus topologies from the shortest trees in all 12 analyses consistently placed Scydmaenidae as sister to (Steninae + Euaesthetinae) in a monophyletic Staphylinine Group (with or without Oxyporinae). The single fully resolved and most consistently supported topology maintains a monophyletic Staphylinine Group consisting of Oxyporinae + (Megalopsidiinae + (("Scydmaenidae" + (Steninae + Euaesthetinae)) + (Leptotyphlinae + (Pseudopsinae + (Paederinae + Staphylininae))))); Solierius lacks larval data and is ambiguously placed within the Group. Eight analyses of variably aligned 18S rDNA data for 93 members of Staphylinoidea under parsimony, neighbour-joining and Bayesian approaches were markedly inconsistent, although partly congruent with the Scydmaenidae + (Steninae + Euaesthetinae) hypothesis. Our results strongly suggest that ant-like stone beetles do not form an independent family, but are morphologically modified members of Staphylinidae and, consequently, should be treated as a 32nd recent subfamily within the megadiverse Staphylinidae sensu latissimo. Formal taxonomic acts are: Scydmaeninae Leach, 1815, status novus (= Scydmaenidae Leach, 1815);
INTRODUCTION
The beetle family Staphylinidae, or rove beetles, is one of the largest families of beetles and, indeed, of animals, passing the 50,000 described species mark in 2007 (Newton, 2007) . The monophyly of the family, and its internal phylogeny and classification, have been the subject of intensifying research in the past three decades. Lawrence & Newton (1982) summarized the classification at that time and proposed that the 22-odd staphylinid subfamilies recognized then could be organized into four main lineages or informal groups, with several small allied families being probably or possibly related to one or another of these lineages (making Staphylinidae paraphyletic with respect to these other families). The largest such lineage, termed by them the "staphylinine group", included the staphylinid subfamilies Oxyporinae, Megalopsidiinae, Steninae, Euaesthetinae, Leptotyphlinae, Paederinae, Staphylininae "and possibly Scydmaenidae and Silphidae". Subsequent studies by many authors have tested and in some cases supported or refuted their suggestions, e.g., Newton & Thayer (1995) provided strong phylogenetic evidence that the former families Micropeplidae, Dasyceridae and Pselaphidae were nested within the "Omaliine Group" of Lawrence & Newton (1982) , as those authors had suggested, and formally recognized those families as subfamilies of Staphylinidae to resolve the paraphyly of Staphylinidae.
In the case of the Staphylinine Group, such subsequent work has indicated that two staphylinid taxa should be added to it: Pseudopsinae and Solieriinae. Pseudopsinae were redefined by Newton (1982) to include several genera usually placed in Piestinae or Oxytelinae in addition to Pseudopsis Newman, 1834, but at that time he placed this subfamily in the "tachyporine group" (Lawrence & Newton, 1982). Subsequent discovery and description of pseudopsine larvae and phylogenetic analysis of larval characters have corroborated the monophyly of Pseudopsinae and provided strong evidence for a sister-group relationship of Pseudopsinae to Paederinae + Staphylininae (Grebennikov, 2005) . The genus Solierius Bernhauer, 1921, was generally placed in the subfamily Omaliinae until Newton & Thayer (1992) established a subfamily for it and excluded it from the Omaliine Group, and subsequently (1995) 
placed it in the Staphylinine
Group without further analysis. More recent studies involving subsets of the taxa of the Staphylinine Group have provided further support for monophyly of or relationships among some of the included subfamilies based on adult and larval morphology, including monophyly of the largest subfamilies, Staphylininae and Paederinae, and their sister-group relationship (Solodovnikov & Newton, 2005) ; monophyly of Euaesthetinae and Steninae and their sister-group relationship (Leschen & Newton, 2003; Clarke & Grebennikov, 2009); and, based on larvae only, monophyly of Leptotyphlinae (Grebennikov & Newton, 2008) . The three remaining subfamilies attributed to the Staphylinine Group (Oxyporinae, Megalopsidiinae, Solieriinae) are monogeneric, and monophyly of the two "possible" members (Silphidae and Scydmaenidae) has been supported in various recent studies (including those cited in the following paragraph) and not questioned in recent times.
Several broader studies have sought to determine relationships among many or all of these subfamily-or family-level taxa, in a larger context but with more limited within-group sampling. Hansen (1997), based on adult and limited larval morphology, found weak support for a group including most of the Staphylinine Group subfamilies but excluding Leptotyphlinae and Solieriinae (nested in another clade of Staphylinidae) and Silphidae and Scydmaenidae (placed just outside his Staphylinidae, which also excluded three staphylinid subfamilies). Beutel & Molenda (1997), based on larval morphology only, found a monophyletic Staphylinine Group including Scydmaenidae, and also including Pselaphinae, but excluding Silphidae as a sister group to all Staphylinidae. Caterino et al. (2005) , using 18S rDNA and a morphological data set extracted from Hansen (1997), did not get strong resolution of staphylinid taxa but Silphidae and Scydmaenidae were mixed in with a group including most Staphylinidae. Beutel & Leschen (2005) , based on adult and larval morphology, also found Staphylinidae, Silphidae and Scydmaenidae consistently grouped as a monophyletic unit in partitioned and combined analyses, but did not attempt to resolve relationships within Staphylinidae. Finally, two recent strictly molecular analyses did not support a close relationship of these three groups: Korte et al. (2004) , based on 18S and 28S rDNA of a limited number of taxa, found support for a monophyletic Staphylinidae, and for Scydmaenidae as sister group to Ptiliidae, with Silphidae weakly related to Hydraenidae or Hydrophilidae, while Hunt et al. (2007) , based primarily on 18S rDNA, included seven subfamilies of the Staphylinine Group + Silphidae (as Silphinae) scattered within a monophyletic Staphylinidae, but Scydmaenidae well removed from these and nearer the base of Polyphaga as sister group to Histeroidea.
The purpose of the current study is to provide a new phylogenetic analysis based on a robust sample of all subfamily-and family-level taxa recently suggested as members of the Staphylinine Group, based mainly on adult and larval morphology but supplemented with inclusion of 18S rDNA molecular data available for a subset of taxa, with the intention of evaluating the monophyly of the Staphylinine Group and the relationships among the included subfamilies. We focus especially on two groups that have not been included in the more detailed recent studies within the Staphylinine Group mentioned in the second paragraph above: Solieriinae, suggested but not yet demonstrated as a member of the group, and Scydmaenidae, whose placement has varied wildly in recent studies that have included it. Scydmaenids have been universally maintained as a distinct beetle family since 1815, and placed near other families of what is now the superfamily Staphylinoidea, but have long been shadowed by disagreements over possible relationships to other staphylinoid families. As reviewed in detail by Newton & Thayer (1995) and Newton & Franz (1998) , this large group of more than 4,850 species placed in about 90 genera and three subfamilies has at various times been considered related to the family Leiodidae and to various groups now included within Staphylinidae, including Pselaphinae, Scaphidiinae and the Staphylinine Group of subfamilies. The broader phylogenetic studies cited in the previous paragraph, and some recent phylogenetic studies of specific groups, have provided no suggestion of a relationship of scydmaenids to Leiodidae (Newton, 1998), Pselaphinae (Newton & Thayer, 1995), or Scaphidiinae (Leschen & Löbl, 1995) , and the suggested possible relationship to the Staphylinine Group is addressed here. TABLE 1. List of 38 terminals included in the phylogenetic analysis of the Staphylinine Group of the rove-beetle subfamilies (Coleoptera: Staphylinidae). Larva of Solierius is unknown and not studied. Subfamilies in bold represent members of the Staphylinine Group.
tives of Silphidae and Scydmaenidae, two taxa forming a clade with the family Staphylinidae (Beutel & Leschen, 2005) and conventionally treated as independent families. Both "families", however, were suspected to be a part of the Staphylinine Group of subfamilies (Lawrence & Newton, 1982) , which implies their origin within the rove beetle radiation and, therefore, not deserving their current "family" status. Whenever possible, the morphological matrix included three or more representatives from different genera of each in-group family/subfamily, thus allowing a partial test of their monophyly. Exceptions to this rule were Steninae containing only two genera (both included), monogeneric Oxyporinae and Megalopsidiinae (each genus included), and monogeneric Solieriinae, for which the larvae are still unknown and, therefore, not scored in the larval matrix. In order to rigorously test monophyly of the Staphylinine Group, we included representatives of some rove-beetle subfamilies maintained outside of the Staphylinine Group (Thayer, 2005), such as Omaliinae, Tachyporinae, Piestinae, Apateticinae and Trigonurinae (Table 1) . To test monophyly of the in-group clades, we included representatives of the families Leiodidae and Agyrtidae, which belong to a sister-group of Staphylinidae + Silphidae + Scydmaenidae (Beutel & Leschen, 2005) . All obtained trees were rooted at Neopelatops Jeannel, 1936 (Leiodidae).
This project was originally planned to test monophyly of the Staphylinine Group of rove-beetle subfamilies using newly scored larval and adult morphological characters for as many taxa as realistically possible. As our work progressed we found a stream of publications addressing, or touching upon, phylogeny of our target group using genomic data, thus increasing the number of available relevant sequences. Thus we decided to compare our morphology-based phylogenetic hypotheses with the results obtained from the 18S rDNA nuclear gene, which arguably is the most widely sequenced gene across the order. This decision was prompted by the recent findings by Hunt et al. (2007) , which increased the number of relevant 18S sequences in GenBank from 53 to 88 taxa (sequences for Silphidae, Ptiliidae, Hydraenidae, Leiodidae, Agyrtidae and Staphylinidae including Scydmaeninae; from this point on we consistently use the subfamily name Scydmaeninae status novus for the traditional "family" of ant-like stone beetles). No attempt was made to merge the morphological and DNA data into a single matrix because of incompatibility of terminals. For the analysis, we employed the 18S DNA sequences for all 88 taxa currently available from GenBank (March 2008), supplemented with five new sequences prepared for this project aimed at introducing previously unrepresented rove-beetle subfamilies (Apateticinae, Leptotyphlinae; for the latter subfamily a specimen of an undescribed Australian genus and species was sequenced; referred to as "Australian genus" in Grebennikov & Newton, 2008), or sampling more densely the Staphylinine Group (Steninae, Euaesthetinae). GenBank accession numbers for all 93 sequences are listed in Figs 12, 13.
Sources of specimens, their identification, preparation and illustrations
Lists of larval and adult specimens used in this work and their label data are in Appendix 2 and 3, respectively. Most specimens studied originated from the collection of the Division of Insects, Field Museum of Natural History (FMNH, Chicago); a few larval specimens were from the Canadian National Collection of Insects, Arachnids and Nematodes (CNC, Ottawa). Identifications were done by A. Newton. In most cases larvae were not reared from eggs in a laboratory, but collected in the field and identified using a combination of two main factors: (1) repeated association records with the presumably conspecific adults and (2) underlying knowledge on larval morphology of Staphylinoidea, their distribution, biology, and habitat preferences. Preparation of the adult and larval specimens for morphological study included macerating and clearing non-sclerotized tissue in hot 10% solution of KOH and, for some specimens, subsequent staining with chlorazole black. Specimens were mounted in Euparal on microscope slides and studied under dissecting and compound microscopes. Some adult specimens were partly disarticulated, allowing for free manipulation and rotation of the body parts, and stored in glycerol on microscope slides. Photo images were taken with a Microptics ML Macro XLT digital system at Division of Insects, FMNH. Line drawings were prepared using a camera lucida from slide-mounted larvae.
DNA extraction, amplification, alignment, and preparation of DNA matrix DNA was extracted from 95% ethanol-preserved specimens using the "DNeasy Protocol for Animal Tissues" (May 2002 edition of the DNeasy Tissue Handbook distributed with Qiagen's DNeasy Tissue Kit, pp. 17-19). Specimens were partially dissected for enhanced proteinase K digestion but maintaining the integrity of the specimens. Four overlapping fragments of complete 18S rDNA were targeted by using the four primer pairs 18S5'-18Sb5.0, 18Sai-18Sb0.5, 18Sa1.0-18Sbi, and 18Sa2.0-18S3'I (Shull et al., 2001). The PCR program used to amplify all four fragments consisted of an initial denaturation at 94°C for two min, followed by 39 cycles of 94°C for 30 s, 50°C for 30 s, and 72°C for one min; elongation at 72°C for five minutes; final hold at 4°C until removed from thermocycler. PCR products were cleaned using the QIAquick PCR Purification Kit (Qiagen, Valencia, CA). Automated fluorescent sequencing was performed by the DNA Sequencing Facility at the University of California-Berkeley, using an Applied Biosystems 96 capillary 3730xl DNA Analyzer. Both strands were sequenced for all fragments. Ninety three sequences were assembled from different sources (Figs 12, 13) in Fasta file and were aligned in ClustalX (Thompson et al., 1997) using the default gap opening/gap extension settings (15/6.66). This alignment formed a matrix 2095 character long (including gaps). A second alignment was performed using MAFFT (Multiple Alignment using Fast Fourier Transform) algorithm (Katoh et al., 2005) implemented in MAFFT version 6 (Katoh et al., 2005), with a L-INS-i strategy and default parameters (gap opening penalty 1.53; offset value 0.00). The MAFFT alignment had 2130 characters (including gaps). These two matrixes were used for eight subsequent analyses.
Morphological datasets and analysis
Two hundred and eleven morphological characters were selected for the analysis; their description and state definition are given in Appendix 1. The combined larval and adult morphological matrix included 38 terminals and all 211 characters (Table 3) ; since the larvae of Solierius are still unknown, it was not scored for the present analysis. Characters 1-89 are of larval morphology; characters 90-211 are of adult morphology. No polymorphic characters were present in the matrix. Five characters (54, 101, 176, 193 and 195; marked with "N" in the bottom row of Table 3 ) are parsimoniously uninformative and were deactivated before analyses. Eleven multi-state characters (5, 6, 19, 20, 31, 35, 98, 108, 114, 117, 126, 132, 133 ; marked with "O" in the bottom row of Table 3 ) were analysed as being either ordered (analyses 3, 4, 7, 8, 11, 12; Table 2 ) or unordered (analyses 1, 2, 5, 6, 9, 10; Table 2 ); all other multi-state characters were treated as unordered in all analyses.
Each co-author was responsible for scoring one dataset (larval by VVG and adult by AFN), thus minimizing possible bias. The exact wording of all characters was then reviewed by both coauthors and changes were made to reach a consensus.
Both larval and adult morphological data were scored, in most of the cases, for the same species. In cases when this was impossible because of material limitation, different congeneric species were used, creating a few "chimera" terminals. It is assumed, however, that in such cases these species are more closely related to one another than to any other terminal in the same matrix and, therefore, larval and adult datasets might be merged without creating a phylogenetic conflict of incompatible terminals.
We analysed three separate morphological datasets: larval (characters 1-89), adult (characters 90-211), and combined (characters 1-211) using for each of them four possible combinations of ordering and weighting parameters (Table 2 ). In total, 12 separate analyses of morphological data were implemented, as summarized in Table 2 .
Three software packages were applied to the morphological data. Hennig86 (Farris, 1988) was used to search for the shortest (= most parsimonious) trees (single heuristic search; commands "mh*" and "bb*") and then to perform successive approximations (Farris, 1969; executed by a string of commands "xs w", "mh*" and "bb*" repeated in cycles until the tree statistics stabilised). Branch support was assessed using Nona 2.0 (Goloboff, 1999) through bootstrapping 1000 randomly generated trees. Winclada (Nixon, 2002) was used as a shell program to construct the matrix and to communicate with both Hennig86 and Nona.
To "Successive weighting" row indicates whether successive approximation was used for character weighting. Next three rows indicate tree length, consistency index (ci) and retention index (ri) indexes, and the number of the shortest (= most parsimonious) trees obtained. Taxonomic abbreviations used in the left column are: Eua -Euaesthetinae; Lep -Leptotyphlinae; Meg -Megalopsidiinae; Oxy -Oxyporinae; Pae -Paederinae; Pse -Pseudopsinae; Scy -Scydameninae; StGr -Staphylinine Group (inclusive Scydmaeninae); Sol -Solieriinae; Sta -Staphylininae; Ste -Steninae. Cell values: majority rule consensus tree value (if higher than 50%) followed by bootstrap value. Cell color: black (branch highly supported: present on the strict consensus tree and boostrap value 50% and higher; scored 2 for both "support value" and "resolution value"); grey (branch moderately supported: present on the majority rule consensus tree and bootstrap value less than 50% OR absent on majority rule tree, but bootstrap value 50% and higher; scored 1 for both "support value" and "resolution value"); white (branch not supported: absent on the majority rule consensus tree and bootstrap less than 50%; scored 0 for both "support value" and "resolution value").
Column SV/RSV (Support Value/Relative Support Value) is designed to demonstrate how strongly a given clade was supported throughout all 12 analyses; SV value as a sum of horizontal cell scores (0 for white cells; 1 for grey cells, 2 for black cells) with the maximum of 24 for clades fully supported in all 12 analyses; RSV value is a ratio of actual SV to the maximum value of 24 (16 for the clade of Ste+Eua+Scy+Sol, because lack of Solierus larval data preventing us from testing monophyly of the clade in the analyses 1-4); expressed in %. Lowest row RV/RRV (Resolution Value/Relative Resolution Value) is designed to demonstrate how effective each of 12 analyses was to resolve phylogeny of the Staphylynine Group; RV value as a sum of vertical cell scores (0 for white cells; 1 for grey cells, 2 for black cells) with the maximum of 32 for an analysis giving fully resolved and strongly supported Staphylynine Group and all its internal branches of the level of subfamily and higher (not obtained in any of actual analyses); RRV value is a ratio of RV to the maximum value of 32 (30 for the analyses 1-4, because lack of Solierus larval data is preventing us from testing monophyly of the Ste+Eua+Scy+Sol clade in the analyses 1-4); expressed in %.
Group and its subordinate clades, we introduced the statistical measures "Relative Support Value" (for clades) and "Relative Resolution Value" (for analyses). Both values are expressed as a percentage and are explained in Table 2 .
18S rDNA datasets and analysis
Two sets of four different analyses were implemented using ClustalX-and MAFFT-based alignments, respectively; thus in total eight DNA-based analyses were run. The first ClustalX-based 18S analysis searched for the shortest trees utilizing 612 parsimoniously informative characters (in Nona; commands "hold = 1000"; "mult*N = 10"; "hold/ = 2"; "mult*max*" activated). The second ClustalX-based analysis utilized the same 612 character matrix, in which three groups of characters with the highest number of insertions/deletions were visually selected and removed (characters 62-96, 208-266 and 422-479; characters numbered from 1); the resulting matrix contained 454 characters and was analysed with Hennig86 using commands mh* and bb*. The third ClustalX-based analysis utilized the complete aligned matrix (93 taxa, 2095 characters) and the neighbourjoining algorithm implemented in PAUP for Windows version 4.0b1 (Swofford, 2000) by using command "nj". The fourth ClustalX-based analysis utilized the same complete aligned matrix using Bayesian topology-building algorithm implemented in MrBayes version 3.1.1 (Ronquist & Huelsenbeck, 2003) with a general time reversible model with proportion of invariable sites and unequal rates (GTR + I + G; executed by commands "lset nst = 6 rates = invgamma") and the following settings: "mcmc ngen = 3000000"; "sumt burnin = 2000"; three heated and one cold Markov chains. Setting the number of generations in both Bayesian analyses at 3,000,000 and the number of discarded topologies at 20,000 (representing first 2,000,000 generations; one topology is saved every 100 generations) we selected the last 1,000,000 generations (or last 10,000 topologies) to be used for the resulting majority-consensus tree. The obtained ".con" file with the resulting topologies was visualised in Dendroscope (Huson et al., 2007) , exported as an image and edited in CorelDraw.
A further four similarly designed analyses used MAFFTbased matrix. The first MAFFT-based analysis was implemented identically to the first ClustalX-based one (see above), although the number of parsimoniously informative characters was 591. The second MAFFT-based analysis utilized the 591 character matrix, in which three groups of characters with the highest number of insertions/deletions were visually selected and removed (characters 62-96, 211-247 and 411-449; characters numbered from 1); the resulting matrix contained 478 characters and was analysed similarly as ClustalX-based analysis 2 (described above). Third and fourth MAFFT-based analyses used neighbour-joining and Bayesian algorithms, respectively, and were executed as corresponding ClustalX-based analyses (described above).
RESULTS OF THE CLADISTIC ANALYSIS

Parsimony analysis of morphological data
The results of 12 parsimony analyses of morphological data are summarized in Table 2 . Necrophilus 1000000000-000000-20 00010000001110200011 00100000000001110000 00100100000000110000 00031100000110010000 02121120001200010111 00101000011000000010 00200000011000000012 00000000100001001000 100-1100101202030-00 10001000000 Acrolocha 0000110000-000200-20 01000110001000010110 00100011-00000000000 00101000000000000000 01021111110011010000 02001120000100100011 00100000100000000000 20200110101100000010 00000000100000000100 00100100111101021400 10010001000
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Siagonium 0000110000-000110-20 10000000001000110100 00100001-00000000000 00100000000000000000 00031110000111010000 02001100000000100111 00110000000000010000 30200110101000000012 00110002000000000000 00100000101000020-00 00012001000
Thanatophilus 0000010000-000110-20 10000002002011010010 00100000100000110000 00100100000000100000 00031110010001110000 02121120001101110111 00121000010000001100 21-00100011000000021 00000000100000001000 00101100001202030-00 00011001000
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Nodynus 1000010000-000110-20 10000000001000110010 00101001-00000000000 00100100000000100000 00031100010011010000 02121120001200010111 00100000110000010001 20100100001101000020 00000000100000001000 00100100100000020-00 00012000000
Trigonurus 1000010000-000110-21 00000000002110110010 00100011-00000100000 00100100000000001000 00031100010110010000 02001120001200110111 00100000000010010000 20100110001100000012 00000010100000000100 00100100101101020-00 00012000000 Palaeostigus 0000110000-011100-02 0100400100301-000011 00000111-00000101000 000----0000000101000 10010----10001111100 00001100001002010101 12121202000021000012 11-11------001001122 11101010110001002111 10121100001202030-00 10010011001 Euconnus 0000110000-011100-02 0000401100201-000011 00000001-00000000000 000----0000000001000 00030----00001010101 02111100001112011111 02001202000011000012 11-10101-00001010112 11001010000000001011 000-1100011202030-01 11010110101 Stenichnus 0000110000-011100-02 00000010002000000011 00000001-00000000000 000----0000000000000 00030----00001010000 02001120001112111111 02101102100011000012 11-10101-00100010112 11001010000000001010 000-1100101202030-01 00010000001 Scydmaenus 0000110000-011100-02 01000011101010000011 00000001-00000000000 000----0000000001000 00030----000010112-0 11111100000001111111 02101102000021000012 11-10101-00000000110 11001010100000001011 000-1100001201020-01 00010000101
Cephennodes 0200210000-011100-02 00000011102000000001 00000001-00000000000 000----0000000001000 00030----00111010101 02110000001212111111 01100202000011000010 11-11------101010112 11121010000000001011 000-1100001202030-01 11010000101
Veraphis 0000210000-011100-02 01000011101000000011 0--00--1-0001----000 000--------000000000 00011011110011010001 02111000001112113110 01101202000001000000 11-10101-00101010112 11001010000000001011 000-1100001201020-00 11110010101 Oxyporus 0000010000-000100-21 01000000001000010010 00101001-00000000000 000----0000000000000 00021100101000010000 01000101001201010110 03140000000010000000 30110110011101100021 00020000100000001100 00100000000000000-00 00012000000 Megalopinus 00010100110001100-21 00000000101000010010 00101011-00000000000 00101000000000001000 00031110100110010000 01110101000012110101 00000100000021010012 30100110100101010110 00120010000000010100 10100001100000000-00 10012000101 MexLeptotyph 0001210010-011101022 00000110000000011000 10000001-11000000000 00101010000000100100 0000101111000100-02-02001000001112122001 01111000100010100012 31-11------01010100-10000011103330101000 10100111111000020-00 11013010101 ChiLeptotyph 0001210010-011101022 01000110000000011000 10000001-11000000000 00101010000000100100 0000101111000100-02-02001010001112122001 01111102100021100012 31-11------01000100-10000011103330101000 10100111111000020-00 11013010101 AusLeptotyph 0001210010-011101022 00000110000000011000 10000001-11000000000 00101010000000100100 0000101111000100-02-02001001001112112000 01101101100011100012 31-11------01000100-10000011103330101000 10100111101000020-00 11012010101 based on the source and comprehensiveness of data used: larval (analyses 1-4), adult (analyses 5-8) and combined (analyses 9-12); the former two are also called "partial". For convenience, the Staphylinine Group of rove-beetle subfamilies as defined in Material and methods (including Scydmaeninae as a subfamily) will be referred to as sensu lato; the same group, excluding Oxyporinae and Megalopsidiinae, will be sensu stricto.
Within the scope of our morphology-based analysis, all non-monogeneric subfamilies were recovered as monophyletic in most of analyses. Statistical support for monophyly of individual subfamilies was predominantly consistent and sometimes very high, as in Steninae (two genera included), Euaesthetinae (three genera included) and Leptotyphlinae (three genera included). These three clades were invariably found on strict consensus trees in all 12 analyses. Moreover, these clades were strong enough to withstand bootstrapping and possessed relatively very high bootstrap values (99-100% for Steninae and Leptotyphlinae; 79-97% for Euaesthetinae); in combined analyses these values were the highest. The Relative Support Value for each of these clades is 100% (Table 2) .
Three other subfamilies, Scydmaeninae, Staphylininae and Paederinae, represented by six, four and three genera, respectively, were recovered as monophyletic. These subfamilies were more strongly supported in larval analyses than in adult ones, where each of them was recovered as non-monophyletic at least once on the majority-rule consensus tree (Table 2) . Combined analyses, however, consistently maintained each of these subfamilies as a clade on either strict consensus or bootstrap trees with the relatively high bootstrap values varying between 66 and 89%. Relative Support Values for these clades are 75%, 75% and 79%, respectively (Table 2) . Pseudopsinae, with three genera included in the analysis, is the only remaining non-monogeneric in-group subfamily, and was the least supported (Relative Support Value 54%). All larval analyses invariably failed to maintain it as a clade; instead, it was shown as paraphyletic with respect to Staphylininae + Paederinae. The adult analyses, on the other hand, moderately to strongly supported monophyly of Pseudopsinae. The combined analyses invariably recognized Pseudopsinae as a clade on all four strict consensus trees and, furthermore, this clade was consistently able to withstand bootstrapping with moderate bootstrap value varying between 52 and 61%.
The most consistently supported and fully resolved tree of the Staphylinine Group (Fig. 14) includes two clades formed by two individual subfamilies. One clade, constituted by Steninae and Euaesthetinae, is the most strongly supported group above the subfamily level recovered in our analysis. This clade was consistently detected on strict consensus of all shortest trees found in all 12 analyses and, moreover, its bootstrap support was always high to very high, varying between 83 and 99% (combined analyses having the highest bootstrap values). The Relative Support Value for this clade is 100%.
Another two-subfamily clade is formed by Staphylininae and Paederinae, with a Relative Support Value of 75%. This clade was consistently recovered on strict consensus and bootstrapped trees in the larval analyses, but became paraphyletic with respect to the rest of Staphylinine Group sensu stricto in half of the adult analyses. Combined analyses, however, consistently supported Staphylininae and Paederinae as a clade with bootstrap values even higher than those in separate larval analyses (Table 2) .
Two other in-group clades on the most consistently supported and fully resolved tree of Staphylinine Group (Fig. 14) include three individual subfamilies. One clade was the consistently resolved monophylum of Scydmaeninae + (Steninae + Euaesthetinae), which was always recovered on the strict consensus of all shortest trees in all eight partial analyses with different combinations of assumptions (character ordering and weighting) and based on either larval or adult morphological data. Statistical support of Scydmaeninae being a sister to Steninae + Euaesthetinae in either larval or adult analyses was moderately high, and this clade was invariably lost after bootstrapping the trees. Combined analyses also consistently placed Scydmaeninae as a sister to Steninae and Euaesthetinae on all four strict consensus trees and, unlike the partial datasets, this clade was strong enough to always withstand bootstrapping (Table 2 ). This clade's Relative Support Value is 67%.
The second three-subfamily clade is that of Pseudopsinae + Paederinae + Staphylininae, which was strongly supported in larval and combined analyses, but the adult analyses invariably showed it as paraphyletic either to the rest of Staphylinine Group sensu stricto or, in one case, to Leptotyphlinae. These conflicting results are the main discrepancy between the larval and adult datasets found in the present analysis, however, the combined analyses resulted in detection of a strong and clear phylogenetic signal corroborating that from the larval dataset (see Discussion below). The Relative Support Value for this clade is 67%, which is equal to that of Scydmaeninae + (Steninae + Euaesthetinae).
The only four-subfamily clade recovered on the most consistently supported topology consists of Leptotyphlinae + Pseudopsinae + Paederinae + Staphylininae. This clade was invariably recovered and strongly supported in all larval analyses, but was lost all but once in the adult analyses. The combined analyses always recovered this clade on all strict consensus trees, but invariably lost it after bootstrapping ( Table 2 ). The Relative Support Value for this clade is 54%, which is equal to that of supposedly monophyletic Pseudopsinae.
Moving further down the most consistently supported tree (Fig. 14) , the Staphylinine Group sensu stricto (excluding Oxyporinae and Megalopsidiinae) was consistently and strongly supported as monophyletic in all larval and combined analyses. Only half of the adult analyses recovered it on their strict consensus trees but it was lost after bootstrapping ( Table 2 ). The Relative Support Value for this clade is 75%. The same clade, but with addition of Megalopsidiinae, was recovered on strict consensus trees in half of either larval or adult analyses and not maintained in the bootstrap analysis; in combined analyses this clade was invariably recovered on either strict consensus or on bootstrap trees with a Relative Support Value of 50%.
282 Fig. 11 . Single most parsimonious tree from combined analyses of larval and adult morphological data with all characters unordered and not weighted (analysis 9) and with unambiguously optimized evolutionary events plotted along internodes. Character numbers are above circles; newly acquired character states are below circles. Black circles indicate unique evolutionary events; white circles indicate parallelisms or reversals. Lack of larval data for Solierius led to an artifact: larval characters potentially informative just above and just below this taxon's branching off its sister-group became ambiguously optimized on the tree and, therefore, not phylogenetically informative.
The Staphylinine Group of rove-beetle subfamilies (sensu lato including Oxyporinae and Megalopsidiinae branching off basally to the rest of the clade) was consistently recovered on all shortest topologies from analyses 9-12 (combined larval and adult data). The bootstrap value of this clade, however, was always below 50%. Analyses of the separate larval or adult datasets were less consistent, recovering this clade twice and once, respec- tively. This clade is the most weakly supported of all 16 in-group clades (Table 2) having the lowest Relative Support Value of 29%. Monophyly of the Staphylinine Group, however, is still the most parsimonious hypothesis resulting from our morphology-based analysis, which is only disrupted occasionally on the shortest trees by one of the outgroup genera being inconsistently absorbed into it and branching off at the first or second most basal node.
Parsimony, neighbour-joining, and Bayesian analysis of 18S rDNA data
Besides morphological, eight DNA-based analyses were implemented, none of which resulted in either Staphylinidae (sensu latissimo) or Staphylinine Group (either sensu lato or sensu stricto) being strictly monophyletic. The first ClustalX-based analysis (parsimony; 93 taxa and 612 characters) produced eight shortest trees 4,331 steps long, with a consistency index of 27 and a retention index of 58. Strict consensus of the shortest trees (not illustrated) showed the monophyletic Euaesthetinae as a sister to the dichotomy of monophyletic Ptiliidae + a clade containing the paraphyletic remainder of the Staphylinidae sensu latissimo and the monophyletic Silphidae and Hydraenidae. Within that latter branch, non-monophyletic Scydmaeninae formed a clade together with Leptotyphlinae and Osoriinae. Bootstrapping of this tree resulted in a large polytomy of all taxa minus Leiodidae and Agyrtidae, and with the following groups maintained as clades (bootstrap values in brackets): Euaesthetinae (95%), Steninae (82%), Staphylininae (55%), Scydmaeninae (54%), Silphidae without Nicrophorus (100%), Hydraenidae (63%) and Ptiliidae (92%).
The second ClustalX-based parsimony analysis of the 18S sequence data (93 taxa and 454 characters) resulted in eight shortest trees 3,091 steps long (consistency index = 27; retention index = 42). Strict consensus of the shortest trees (not illustrated) shows monophyletic Euaesthetinae and single Oxyporinae nested within Steninae with this combined clade being a sister to monophyletic Scydmaeninae. Bootstrapping of this tree (not illustrated) created a large polytomy overall similar to the one obtained in the previous analysis, but without monophyletic Staphylininae and with a monophyletic clade of Euaesthetinae + Steninae (bootstrap value 53%).
The single fully-resolved topology resulting from the third ClustalX-based neighbour-joining analysis (not illustrated) shows a grade of Leiodidae with the following lineages branching subsequently off: (01.) Agyrtidae; (Fig.  13A) shows the monophyletic Scydmaeninae as a sister to a clade of Steninae + Euaesthetinae (both monophyletic). Bootstrapping of this tree resulted in a large polytomy (Fig. 13B) with the following groups maintained as clades (bootstrap values in brackets): Euaesthetinae (88%), Steninae (88%), Oxytelinae without Syntomium (63%), Paederinae (72%), Scydmaeninae (54%), Silphidae without Nicrophorus (100%), Hydraenidae (81%) and Ptiliidae (87%).
The second MAFFT-based analysis of the 18S sequence data (parsimony, 93 taxa and 478 characters) resulted in an overflow of at least 1,031 shortest trees 2,623 steps long, consistency index 30, retention index 49. Strict consensus of the shortest trees and the bootstrap tree (both not illustrated) are markedly similar is shape and have a large polytomy of all taxa excluding Leiodidae and Agyrtidae with the following groups maintained as clades (bootstrap values in brackets): Staphylininae (53%) paraphyletic with respect to a clade (69%) of Euaesthetinae (88%) and Steninae (93%), Oxytelinae without Syntomium (70%), Paederinae (90%), Scydmaeninae (85%), Silphidae without Nicrophorus (100%), Aleocharinae (67%) paraphyletic with respect to Leptotyphlinae, Hydraenidae (68%) and Ptiliidae (88%).
The single fully-resolved topology resulting from the third MAFFT-based analysis (neighbour-joining; not illustrated) shows a grade of Leiodidae with the following lineages branching subsequently off: (01.) Agyrtidae; then (02.) Ptiliidae + Palaeostigus (Scydmaeninae), Nicrophorus (Silphidae) and single member of Leptotyphlinae; then (03.) Euaesthetinae and Steninae; then (04.) Hydraenidae; then (05.) Aleocharinae without Paraconosoma; leaving the rest of Staphylinidae sensu latissimo, including a clade of Scydmaeninae minus Palaeostigus.
Consensus topology obtained as a result of the Bayesian analysis [fourth MAFFT-based analysis; not illustrated; standard deviations for the last (the third) million of generations decreased from 0.103797 to 0.059271] shows a branch of all taxa except Leiodidae and Agyrtidae (posterior probability multiplied by 100 for the mentioned clade is indicated in square brackets) further splitting into a trichotomy of Hydraenidae [81], Ptiliidae [100] and Silphidae + Staphylinidae (sensu latissimo) [100] . The latter branch includes the basal polytomy of 18 branches, among them a branch of Leptotyphlinae + Steninae + Euaesthetinae [74] , as well as a branch consisting of all five included genera of Scydmaeninae [100] .
DISCUSSION
On predominantly consistent morphology-based topologies versus inconsistent DNA-based topologies
Comparison of topologies obtained in 12 morphologybased parsimony analyses demonstrates that most of the clades are consistently recovered with a few notable exceptions (see below). Conversely, eight 18S rDNAbased analyses utilizing the principle of parsimony (four analyses), neighbour-joining clustering and Bayesian approach (two analyses each, respectively) demonstrate remarkable inconsistency when compared (a) among themselves; (b) with the results of morphology-based analyses, such as monophyly of Steninae + Euaesthetinae; (c) with some strongly-supported pre-existing hypotheses on the relationships within Staphylinoidea, such as monophyly of Ptiliidae + Hydraenidae, or monophyly of individual subfamilies such as Staphylininae. Previous authors have already noted this limitation of the small ribosomal subunit (18S rDNA) in providing strong and clear phylogenetic signals at the subfamily/family level of relationships in Coleoptera (Maddison et al., 1999), attributing it to the inconsistent rate of divergence among taxa (Caterino et al., 2005). Another seemingly significant factor is the apparent inadequacy of any alignment not based on the information of the secondary structure of length-variable non-coding genes, such as 18S rDNA, to correctly insert the relatively high number of gaps, and thus to maintain character homology in the fully aligned matrix (Kjer, 2004) . We conclude that the results of our eight DNA-based analyses are too inconsistent to be included in our phylogeny and we base our conclusions almost entirely on our morphological results. In one case (Fig. 12) , however, the sequence data strongly supported the grouping of Scydmaeninae with Steninae + Euaesthetinae, which is fully consistent with the morphology-based results.
On limitations and overall degree of monophyly confidence for recovered clades
In discussing our morphology-based analysis, it is important to stress that the confidence in the presented results must be judged within the limitations imposed on our ability to infer subfamily-level phylogeny of such a megadiverse group as the rove-beetles, which is currently the most speciose clade of animals conventionally accepted as a family. The Staphylinine Group itself, as presently accepted, includes 21,679 species and 1,702 genera. It was necessary, therefore, to restrict ourselves to only a few terminal taxa to represent each of these clades in order to address our target question with the realistic prospect of achieving meaningful results in a reasonable time frame.
The single most consistently and fully resolved topology presented on Fig. 14 has Relative Support Values from Table 2 plotted against each clade. The proposed statistical measure is the single best value we can offer to judge the relative support for each clade. This support has its maximum of 100% in Leptotyphlinae, Steninae, Euaesthetinae and a clade of the two latter subfamilies. This indicates that any of these four clades was present on every strict consensus tree in 12 morphologybased analyses, and this clade withstood bootstrapping. Medium-strong support with Relative Support Values between 67 and 79% was found in seven clades: Scydmaeninae; Steninae + Euaesthetinae + Scydmaeninae; Staphylininae; Paederinae; Staphylininae + Paederinae; Pseudopsinae + Staphylininae + Paederinae; and for the whole of Staphylinine Group (excluding Oxyporinae and Megalopsidiinae). Three other clades showing medium Relative Support Values are: Pseudopsinae (54%); Leptotyphlinae + Pseudopsinae + Staphylininae + Paederinae (54%); and the entire Staphylinine Group except Oxyporinae (50%). The lowest support value of 29% was found for the whole of the Staphylinine Group. The most parsimonious (although still considered as too ambiguous because of the lack of larval data) position of Solieriinae is that of a sister to Scydmaeninae + Steninae + Euaesthetinae. With the single exception of the entire Staphylinine Group sensu lato, all discussed clades have Relative Support Values of 50% and more. Even the Staphylinine Group sensu lato, the least supported clade with only 29%, is still the most consistently recovered hypothesis compared to any alternatives (see Results above). These considerations suggest that the overall support obtained in our analysis for the fully resolved topology of the Staphylinine Group of rove-beetle subfamilies is significant enough not to reject it.
On relative contribution of larval versus adult morphological characters and on conflicting results within morphology-based analyses
The Relative Resolution Value (expressed as a percentage; the last row of Table 2 ) offers a possibility to compare the strength of each among 12 individual morphological analyses in resolving topologies at and above subfamily level within the Staphylinine Group in a way consistent with the fully resolved most parsimonious topology (Fig. 14) . The first four analyses based on larval morphology were consistently more powerful (RRV 76-80%) in detecting clades within Staphylinine Group, when compared to the four adult-based analyses (RRV 40-53%). The four combined datasets analyses, as it would be expected, were able to resolve all (analyses 10 and 12) but one clade (analyses 9 and 11) in a manner consistent with the fully resolved most parsimonious topology of the Staphylinine Group (as shown on Fig.  14) . We therefore conclude that the analyses based on larval morphological data were more informative in detecting phylogenetic signal within the Staphylinine Group of rove-beetle subfamilies than those based on adult morphology, and merging both datasets resulted in significantly better resolution power when compared to individual partial analyses.
The main inconsistency in our morphology-based results is the failure of the adult analyses to detect the monophylum Pseudopsinae + Paederinae + Staphylininae (one of the most strongly supported pre-existing hypotheses: Grebennikov, 2005; Solodovnikov & Newton, 2005) and, consequently, the more inclusive clade including Leptotyphlinae as a sister to these three subfamilies (Fig.  14) . Both clades are strongly supported by the larval analyses, but in the adult analyses are almost always shown as variably paraphyletic to some other in-group taxa (see Results). None among these unexpected adultbased topologies has been previously considered as a viable phylogenetic hypothesis and, moreover, the merging of adult and larval characters firmly settles this inconsistency in favour of the larval dataset. We conclude, therefore, that this inconsistency reflects an artefact embedded in the set of adult characters which is not strong enough to significantly overshadow a consistent phylogenetic signal remaining within the adult matrix and further strengthened by a corroborating signal from the larval dataset. A similar phenomenon was detected with Pseudopsinae, a subfamily which was not recovered in the larval analyses, but became moderately supported in the adult analyses, and emerged as a strongly supported clade in the combined dataset. Such results reinforce our earlier observation that merging both partial datasets into a single combined source of data allowed us to recover a single fully resolved and consistently supported topology (Fig. 14) , in spite of the occasional lack of clear phylogenetic signals detected in both partial datasets.
On the position of Scydmaeninae, the ant-like stone beetles, and a revised status and classification of the group
The most significant feature of our morphology-based results is that the consistently resolved clade Scydmaeninae + (Steninae + Euaesthetinae) is invariably included within the monophyletic Staphylinine Group (either sensu stricto or sensu lato). This result is neither consistently supported nor excluded (Fig. 12) in the molecular analysis, while the overall results of our 18S rDNA-based analysis are judged as "inconclusive" to address phylogeny of our target group (see above). Our results strongly and consistently support the initial hypothesis that the Staphylinine Group is paraphyletic with respect to "Scydmaenidae", a result consistent with several earlier studies (see Introduction). Consequently, in order to resolve this paraphyly, we conclude that it is now time that "Scydmaenidae" be formally included in Staphy-linidae sensu latissimo and constitute yet another, the 32nd, Recent subfamily of this megadiverse family of rove-beetles, Scydmaeninae status novus. This action necessitates modifying the internal classification of the former "Scydmaenidae", which included three subfamilies and numerous tribes. This is most easily accomplished by downgrading the three previously recognised subfamilies to the supertribes Scydmaenitae, Mastigitae and Hapsomelitae status novus, in a manner consistent with similar taxonomic action towards the former "subfamilies" of Pselaphinae (Newton & Thayer, 1995) , and leaving the classification at the tribal and lower levels as is. The classification above the generic level of the former "Scydmaenidae" resulting from these actions can then be represented as follows, modified from the recent world classification of Newton & Franz (1998) Note that a complete catalog of genus-and familygroup names of Scydmaeninae stat. n., with full references, was provided in Newton & Franz (1998) and Newton & Thayer (2005) . O'Keefe (2005) also provided a generic summary as well as a concise description of larvae and adults of the group, and summarized the results of his still-unpublished phylogenetic analysis within the group that suggested that Scydmaenitae are paraphyletic with respect to Mastigitae, and that Eutheiini and Cephenniini branch off first.
On the position of Solierius
The single significant uncertainty depicted on the most consistently supported topology is the position of the genus Solierius, the sole member of the subfamily Solieriinae (Fig. 14) . Larvae of Solierius are still unknown and this is the only terminal in our analysis lacking larval morphological data and, consequently, a phylogenetic placement on the trees obtained in the larval analyses 1-4. Analysis of adult morphological characters (5-8) and two analyses of combined datasets (10 and 12) consistently placed Solierius as a sister to the clade of Scydmaeninae + (Steninae + Euaesthetinae) on the strict consensus trees, but this grouping was invariably lost after bootstrapping. Two other combined analyses (9 and 11) moved Solierius one internode towards the base, making it a sister to (Scydmaeninae + Steninae + Euaesthetinae) + (Leptotyphlinae + Paederinae + Staphylininae + Paederinae). The former hypothesis on Solierius is supported, consequently, three times more than the latter. At present we conclude that Solierius most likely belongs to the Staphylinine Group sensu stricto (i.e., excluding Oxyporinae and Megalopsidiinae), however, its more resolved sister-group relationships will be better understood once its larva is known.
On the position of Silphidae
All recent phylogenetic studies mentioned in the Introduction except Hunt et al. (2007) ) that Silphidae might be members of the Staphylinine Group can be considered rejected. Silphidae may instead be a sister group to Staphylinidae, or an isolated basal lineage within it, and its exact relationship to Staphylinidae sensu latissimo is in our opinion the most difficult remaining issue concerning the monophyly of Staphylinidae.
Age of the Staphylinine Group based on the fossil record
According to Grimaldi & Engel (2005) , the earliest known Staphylinidae sensu lato (considered by them as "the oldest definitive polyphagan beetle") is a stillunnamed genus and species with relatively short elytra from the Late Triassic of Virginia, dated approximately 230-220 mya. After a gap, the mid-to late Jurassic period (ca. 180-150 mya) has yielded a diverse assemblage of more than two dozen named extinct genera of Staphylinidae, all with short elytra and all but two of them placed in or resembling members of the modern subfamilies Omaliinae, Tachyporinae , 2004) , from Cretaceous ambers from Canada and Burma, respectively. The latter genus, dated at about 100-110 mya, was originally placed in its own extinct subfamily Hapsomelinae, based on the apparent presence of a "patella" (otherwise unknown in modern Insecta) between the femur and tibia of the prolegs.
Although their proposed homology of this structure may be debatable (possibly it is a rare, bilaterally symmetrical teratology), Hapsomela is clearly a scydmaenine, and establishes a minimal age for Scydmaeninae that is consistent with the placement of this subfamily in the Staphylinine Group. Numerous additional fossils of Scydmaeninae, Staphylininae, Paederinae and some other subfamilies of the Staphylinine Group are known from the Tertiary period, especially from Baltic and other ambers of about Oligocene age, and include many species attributed to modern genera (e.g., Herman, 2001; Spahr, 1982) . These data together suggest an origin of the Staphylinine Group by the Upper Jurassic and its diversification into recognizable modern subfamilies, including Scydmaeninae, by the Cretaceous.
Leptotyphlinae, the Cretaceous clade of blind and wingless endogean beetles
Our results strongly support the hypothesis that the minute soil-dwelling Leptotyphlinae with 525 named species from all continents except Asia (Grebennikov & Newton, 2008) originated in the Cretaceous to form a sister-group to the major worldwide radiation of Pseudopsinae + Paederinae + Staphylinidae consisting of 54, 6,101 and 6,876 species, respectively (Thayer, 2005). Though no fossil data are available to additionally test this hypothesis, it is still most parsimonious to assume that the obligatory endogean way of life with such associated morphological traits as complete blindness and lack of hind wings were attributes of the Leptotyphlinae stem species. Such an assumption is rather remarkable, as it identifies Leptotyphlinae as one of the oldest, most widely distributed and simultaneously most speciose clades of blind and wingless soil-dwelling pterygote insects.
It is plausible to assume that the morphological ultraspecialization accompanied by losing eyes and severely reducing dispersal capacity, as found in Leptotyphlinae, is achieved at great cost for the organism's ability to adapt to environmental changes. It is also plausible to assume that such ultra-specialization may permit rapid utilization of previously inaccessible vacant ecological niches such as caves or deep soil layers, which, in turn, may lead to rapid allopatric speciation. This hypothesis agrees with the observation that when adequately studied, endogean or troglobiont beetles occur in clusters of closely related and narrowly distributed allopatric forms. We would further reason that this ultra-specialization may be counterproductive for the long-term evolutionary success of the group, because these blind, poorly dispersing (although see Peck 1990 for notable exceptions) and narrowly distributed species are highly vulnerable to sudden changes in their environment. This implies that the majority of obligatory blind and secondarily wingless clades are expected to be short-lived in comparison to their eyed and winged relatives. The relatively young age of such ultraspecialized clades can be deduced from their geographical distribution being relatively restricted and formed by a group of allopatric taxa. This pattern can be seen in clades of endogean or troglobiont beetles (within Carabidae, Dytiscidae, Leiodidae, Ptiliidae, Staphylinidae, Anthicidae, Curculionidae) having no significant (= intercontinental) distributional gaps among their members. Some taxa seemingly disagreeing with this pattern, like Reicheina and Anillini in Carabidae or Raymondionyminae in Curculionidae, have never been adequately demonstrated as monophyletic. Primarily wingless diplurans with some eight hundred extant blind species do not necessarily share the same blind ancestor, as implied by the discovery of the fully eyed Carboniferous Testajapyx thomasi (Kukalová-Peck, 1987). These considerations highlight the uniqueness of the likely monophyletic Leptotyphlinae consisting of blind and wingless soil-dwellers from as early as the Cretaceous, with presently some five hundred species disjunctly distributed on different continents. If these suppositions hold true, Leptotyphlinae then potentially exemplify how far in time and space such "evolutionarily committed" groups might reach.
Staphylinidae, or rove beetles, the largest family of Animalia
The addition of the former "Scydmaenidae" to the already huge family Staphylinidae makes this family the largest in Coleoptera, with 55,440 described species (extant plus extinct) recognized as valid through the end of 2007 (Newton, 2007, slightly updated), thus surpassing its only rival (Gaston, 1991), the Curculionidae, with an estimated 51,000 described species (Oberprieler et al., 2007) . This makes Staphylinidae, or rove beetles, the most diverse family of Animalia.
CONCLUDING REMARKS
Our conclusion that Scydmaeninae, with relatively long elytra that cover much or all of the abdomen, are nested well within the Staphylinine Group, whose other members all have short or very short elytra exposing most abdominal segments from above (as in most other Staphylinidae), implies that long elytra in this group are a secondary development and not a retained feature of more "typical", non-staphylinid beetles with entire elytra. Indeed, the single most parsimonious tree in our combined analysis of morphological data (Fig. 11) shows short elytra (141/3) as a derived feature of the entire Staphylinine Group and longer elytra (141/1) as a synapomorphy for Scydmaeninae within that group. Scydmaenines are usually illustrated with their elytra completely covering the abdomen (e.g., O'Keefe, 2005), although when alive or preserved in liquid specimens typically have one to as many as three abdominal terga exposed (e.g., Fig. 4 ). Other hints that scydmaenines with long elytra may be derived from ancestors with shorter elytra include the usual sclerotization of three or more apical abdominal terga; presence of a pair of paratergites on abdominal segment VII in some taxa (e.g., Veraphis and Scydmaenus in our analysis), a characteristic staphylinid adaptation to uncovered abdominal terga; and a wing-folding pattern including a costal hinge of the type unique to Staphylinidae and closely allied groups (including Silphidae), which has been interpreted as facilitating the folding of the wings tightly under short-ened elytra (e.g., Hammond, 1979; Newton & Thayer, 1995) . Scydmaenine larvae are also atypical among staphylinid larvae in having urogomphi that are unarticulated or completely absent, rather than articulated as in most staphylinids and staphylinoids. However, Newton & Thayer (1995), focusing on the Omaliine Group of staphylinid subfamilies, noted multiple examples of the secondary development of long elytra and fixed or absent larval urogomphi in Staphylinidae. Those authors also noted that the known fossil record of Staphylinidae (see discussion above) is consistent with the very early presence of short elytra (including all of the ca. 30 genera of Triassic and Jurassic age), and the subsequent appearance of forms with longer elytra, first represented by Scydmaeninae in the mid-Cretaceous. The functional significance of such apparent reversals in elytral length and loss of urogomphi has yet to be demonstrated, and is especially intriguing in the former case given the oftenassumed advantages of short elytra for exploitation of forest leaf litter and other cryptic microhabitats (e.g., Hammond, 1979) .
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[ordered]. 6. Length of coronal suture (B&M: 3, mod.]: short, about as long as width of antennomere 1 = 0; longer than 0, about 0.3-0.5 length of head capsule = 1 (Fig. 3D) ; as long as, or longer than, half length of head capsule = 2 (Fig. 15) .
[ordered]. 7. Constricted neck region [S&N: 68, mod.]: absent = 0; present = 1 (Fig. 16 ). 8. Foramen occipital, width: wide, 0.7 and more times as wide as maximum head width = 0 (Fig. 16) ; narrow, not wider than 0.5 times head width = 1. 9. Dorsal ecdysial lines [S&N: 69, mod.]: Y-shaped = 0; lyriform = 1 (Fig. 15) . 10. Nuchal carina in posterior part of head: absent = 0; present = 1 (Fig. 16 ). 11. Ventral arms of nuchal carina: arms directed anteromedially = 0; arms directed medially = 1 (Fig. 16 ). 12. Anteriorly directed large sclerotized tooth of ventral wall of head capsule: absent = 0; present = 1 (Fig. 16 ).
13. Posterior tentorial pits [S&N: 72, mod.]: much (more than 5 times) longer than wide = 0; short, rounded to elongate = 1 (Fig. 16 ). 14. Posterior tentorial arms: wide and short, not more that 10 times as long as wide = 0; extremely thin, thread-like and more than 20 times as long as wide = 1 (Fig. 15) . 15. Origin and shape of tentorial bridge: from posterior tentorial pits, wide = 0; from posterior tentorial arms, very narrow or, apparently, absent = 1 (Fig. 15) . 16. Attachment of anterior tentorial arms to dorsum of head capsule: indistinct and/or rounded, not transverse = 0 (Fig. 15) ; markedly transverse, extending mesally from dorsal mandibular condyle = 1. 17. Ventral ecdysial lines [L&N: 41]: absent = 0; present = 1 (Fig. 16 ). 18. Shape of ventral ecdysial lines [S&N: 70]: linear, extending from base of head to vicinity of posterior tentorial pits = 0; Y-shaped, branching in vicinity of posterior tentorial pits and extending between maxillary foramina = 1 (Fig. 16 ). 19. Oblique hypostomal ridges on ventral surface of head capsule near maxillary foramina: absent = 0 (Fig. 16) (Fig. 19) . 23. Median tooth on labrum or nasale: absent = 0; present = 1 (Fig. 19) . mod]: bulbous, with convex sides = 0 (Fig. 20) ; very elongate and narrow, along much of its length parallel-sided = 1. 27. Length of sensory appendage: as long as or shorter than width of penultimate antennomere = 0 (Fig. 20) ; longer than the width of penultimate antennomere = 1. 28. Shape of ultimate antennomere: of regular shape or slightly shortened, ratio length to width 1.5-2.5 = 0 (Fig. 20) ; absent, deformed, or shortened, ratio length to width 1 and less = 1; markedly elongate, ratio length to width more than 3 = 2. 29. Membrane connecting basal antennomere with head capsule: absent or short, not much larger that membrane between antennomeres 2 and 3 = 0 ( Figs 25, 29) ; much larger than membrane between antennomeres 2 and 3, about as long as antennomere 1 = 1. 30. Basal antennomere [S&N76]: not constricted or interrupted by membrane; antennae clearly three-segmented = 0; constricted by a sclerotized ring; antennae appearing foursegmented. = 1; separated by membranous ring or constriction into two pseudo-segments, antennae appearing foursegmented = 2 (Fig. 20) . 31. Length of antennae: shorter than 1/3 of length of head capsule = 0; longer than half length of, but shorter than whole length, of head capsule = 1 (Fig. 15) ; about as long as head capsule = 2; markedly longer than head capsule = 3 (Fig. 22) .
[ordered].
32. Seta or setae on first (basal) antennomere: absent = 0 (Fig.  28) ; present = 1. 33. Number of long setae in apical half of second (penultimate)
antennomere: three = 0 (Fig. 20) ; more than three = 1 (Fig.  28) . 34. Number of long setae in apical half of third (ultimate or apical) antennomere; not including a single non-articulated setalike sensory structure: three = 0 (Fig. 20) ; more than three = 1. 35. Mandibular mola: absent = 0 (Fig. 16) ; present, small, maximum 2-3 times wider than mandible at middle = 1; present, large, 5-7 times wider than mandible at middle = 2.
[ordered]. 36. Mandibles, mesal dentition [S&N: 79, mod.]: absent, without preapical teeth = 0 (Fig. 15) ; present, with 1-3 preapical teeth = 1.
37. Mandibles, single large tooth on mesal surface directed markedly dorsally: absent = 0 (Fig. 15) ; present = 1. 38. Mandibles, symmetry [T: 51, mod.]: symmetrical or almost symmetrical = 0 (Fig. 26) ; markedly asymmetrical = 1. 39. Mandibles, mesal serration (T: 53, mod.]: absent completely = 0 (Fig. 15) ; present, at least partly = 1 (Fig. 26) . 40. Mandibles, shape: relatively straight and slightly curved, apices when open directed anteriorly = 0; markedly curved, apices when open directed almost mesally = 1 (Fig. 24) . 41. Articulation of maxillae: through large membranous articulating area = 0 (Fig. 27) ; through condyle, membranous articulated area reduced or absent = 1 (Fig. 16) . 42. Cardo, size of sclerotized part compared to the base of stipes: about as wide as, or wider than, base of stipes = 0 (Fig.  16) ; reduced in size, markedly narrower than base of stipes = 1.
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Figs 15-20. Larva of Platydracus maculosus (Staphylininae), details. 15, 16 -head (right mandible, left antenna and left maxilla omitted), dorsal (15) and ventral (16); 17 -right maxilla, ventral; 18 -labium, ventral; 19 -nasale, dorsal; 20 -right antenna, dorsal. Numbered arrows correspond to character number/state in Appendix 1.
43. Cardo, transverse ridge on its sclerotized part: absent = 0 (Fig. 16) ; present = 1. 44. Stipes, shape (not considering mala) whether characteristically straight-sided and narrowed apicad: not narrowed apicad, if narrowed than not straight-sided = 0 (Fig. 27) ; characteristically straight-sided and narrowed apicad = 1. 45. Lateral edge of stipes, whether with constriction or not:
without obvious constriction = 0 (Fig. 17) ; with constriction at middle = 1. 46. Maxillary palpomere 2, shape: straight = 0 (Fig. 17) ; markedly bent = 1 (Fig. 27) . 47. Maxillary palpomere 3, length and shape [L&N34, mod.]:
relatively stout (not more than 8 times as long than wide) and rigid = 0 (Fig. 17) ; very slender (10 and more times longer than wide) with 1-2 weak deflection points = 1 (Fig. 27 ). 48. Galea and lacinia: fully or partly separate = 0; completely fused forming mala = 1 (Figs 17, 27 ). 49. Dense setal brush on outer lobe of divided mala (galea) (not illustrated): absent = 0; present = 1. 50. Galea and lacinia (or mala), shape: wide and stout or, if narrow apically, then widening to base = 0 (Fig. 27) ; fingerlike, parallel-sized along its length = 1 (Fig. 17) . 51. Galea and lacinia (or mala), articulation to stipes: fused to stipes = 0; articulated to stipes = 1 (Fig. 17) . 52. Galea and lacinia (or mala), size: large, its length is equal to, or longer than, apical width of stipes = 0 (Figs 17, 27); absent or small, not longer than apical width of stipes = 1. 53. Galea and lacinia (or mala), position of attachment to stipes:
attached to mesal surface of stipes, clearly protruding mesally = 0 (Fig. 17) ; attached to dorso-mesal surface of stipes; not protruding mesally = 1. 54. First (basal) maxillary palpomere (one apicad of maxillary palpifer): without setae = 0 (Fig. 17) ; with setae = 1 [parsimoniously uninformative and deactivated]. 55. Second (penultimate) maxillary palpomere: with two setae = 0 (Fig. 17) ; with more than two setae = 1. 56. Third (apical) maxillary palpomere: without setae = 0 (Fig.  17) ; with setae = 1. 57. Third (apical) maxillary palpomere: entire = 0; subdivided by membrane into two pseudosegments = 1 (Fig. 27 ). 58. Ventral side of head [S&N: 71, mod.]: with free submentum = 0; with submentum fully fused to cranium = 1 (Fig. 16 ). 59. Ventral side of head [S&N: 71, mod.]: with free mentum = 0; with mentum fused to submentum and both fused to head capsule = 1 (Fig. 16 ). 60. Mentum (not illustrated): with triangular or sub-quadrate sclerite bearing two pairs of setae = 0; mainly membranous, with transverse two-setose sclerite = 1. 61. Maxillary foramina anteriorly: open = 0; closed = 1. 62. Maxillary foramina mesally: open = 0; closed = 1 (Fig. 16) . 63. Ligula, presence: absent = 0 (Fig. 27) ; present = 1 (Fig. 18) . 64. Ligula, shape: variously shaped, not sclerotized or digitiform = 0; digitiform, sclerotized, as long as wide and articulated to membranous prementum = 1; digitiform, sclerotized, longer than wide and articulated to membranous prementum = 2 (Fig. 18) . 65. Ligula, width at apex: wide, markedly wider than basal labial palpomere = 0; narrow, as wide as, or narrower than, basal labial palpomere = 1 (Fig. 18) . 66. Ligula, whether broadly bilobed at apex: straight, pointed or rounded, not bilobed = 0 (Fig. 18) ; broadly bilobed at apex = 1. 67. Ligula, length: long, about as long as basal labial palpomere = 0 (Fig. 18) ; short, about as long as width of basal labial palpomere = 1.
68. Labial palpomere 2: rigid and wide; not more than 6 times as long as its basal width = 0 (Fig. 18) ; narrow and elongate; about 8 times as long as its basal width = 1. 69. Long membranous and microsetose anterior projection of ligula: absent = 0 (Fig. 18) ; present = 1. 70. Apical labial palpomere: complete = 0 (Fig. 18) ; subdivided by membrane into two pseudosegments = 1. 71. Ventral sclerite of prementum [L&N: 35]: entire = 0 (Fig.  18) ; at least partly (apically) divided along midline = 1.
Larvae, thorax 72. Pronotum [S&N: 84, mod.]: without posterior carina = 0 (Fig. 21) ; with posterior carina = 1. 73. Cervicosternum [S&N: 87]: transverse, anterior to proepisterna = 0 (Fig. 23) ; triangular, apex extends posteriorly between proepisterna = 1. 74. Meso-and metatergum [S&N: 85, mod.]: without posterior carina = 0 (Fig. 21) ; with posterior carina = 1. 75. Longest seta on trochanter, length (not illustrated): two and more times longer than width of trochanter = 0; one and half times as long as, or shorter than, width of trochanter = 1. 76. Longest seta on legs, location (not illustrated): on trochanter = 0; on femur = 1; no clearly defined longest seta = 2. 77. Tibiotarsus, shape [L&N 46, mod.]: normal (fairly stout) = 0; entirely styliform = 1 (Fig. 22) ; abruptly styliform in apical half = 2. 78. Tibiotarsus, width and presence of two stout spines at middle: tibiotarsus at middle not wider than at base, without two spines = 0 (Fig. 22) ; tibiotarsus at middle widened, markedly wider than at base, with two spines = 1. 79. Setae at apex of tibiotarsus: short, as long as or shorter than claw's width at base = 0 (Fig. 22) ; long, about as long as length of claw = 1.
Larvae, abdomen 80. Abdominal terga [S&N: 93, mod.]: undivided = 0 (Fig. 21) ; medially divided by membranous area = 1. 81. Abdominal sterna [S&N: 94, mod.]: undivided = 0; medially divided by membranous area = 1 (Fig. 23) . 82. Elongate and latero-posteriroly directed tube-like process on each side of abdominal segment IX terminated by long seta: absent = 0 (Fig. 21) ; present = 1. 83. Openings of abdominal (and thoracic) spiracles: not or only slightly elevated compared to body surface = 0 (Fig. 22) ; markedly elevated and located on apices of tube-like projections = 1. 84. Abdominal laterotergites [S&N: 95, mod.]: separate laterosclerites absent, apparently fused with tergum encircling spiracles = 0; one pair present = 1 (Fig. 22) ; two (sometimes 3) pairs present on at least segments II-VI = 2; absent, not fused with tergum, spiracles not encircled = 3. 85. Urogomphi: absent = 0 (Fig. 21) ; present = 1. 86. Urogomphi, articulation to tergum IX (not illustrated): indistinctly articulated, apparently not movable = 0; distinctly articulated = 1. 87. Long apical seta on urogomphi (not illustrated): absent = 0; present = 1. 88. Number of segments of urogomphi [T: 118] (not illustrated): two = 0; one = 1. 89. Urogomphi, relative length (not illustrated): about two times as long as, or longer than, tergum VIII = 0; about as long as, slightly longer, or shorter than, tergum VIII = 1.
Adults, head 90. Dorsal tentorial pits (or a single pit, if fused) [C&G: 1]: absent = 0; present, visible externally as depressions or distinct pits = 1 (Fig. 33) .
116. Maxillary palpomere III, length [C&G: 37, mod.]: two thirds or less than palpomere II = 0; subequal to palpomere II = 1 (Fig. 35) ; longer than palpomere II = 2. 117. Maxillary palpomere IV [C&G: 38; L&N: 6]: welldeveloped, fully sclerotized, similar in width to palpomere III = 0 (Fig. 35) ; about half the width of palpomere III = 1; minute, hyaline, not more that 1/4 width of palpomere III = 2; absent = 3.
[ordered]. 118. Lateral premental lobes ("paraglossae" of some authors): absent = 0; present = 1 (Fig. 38) . 119. Medial premental lobes ("glossae" of some authors; not to confuse with lateral premental lobes or "paraglossae" of some author: present = 0 (Fig. 38) ; absent = 1. 120. Insertion and proximity of labial palps [C&G: 43, mod.]: separated by less than maximum width of basal palpomere = 0; separated by more than maximum width of basal palpomere = 1 (Fig. 38) . 121. Labial palpomere II [C&G: 45, mod.]: unmodified, subequal in width to palpomere I = 0; strongly expanded, subglobular or subfusiform = 1 (Fig. 38) about as wide as penultimate palpomere, well sclerotized = 0; about half as wide as penultimate palpomere, well sclerotized = 1; acicular, hyaline, about third or less as wide as penultimate palpomere = 2 (Fig. 38) ; moderately to strongly expanded apically, subtriangular = 3. 123. Mentum [C&G: 48]: subquadrate or elongate = 0; transverse (more than 1.5 times as wide as long) = 1 (Fig. 38) . 124. Mentum, number of macrosetae (those two and more times longer than surrounding ones, if any) [S&N: 19, mod.]: one pair = 0; two pairs = 1; three pairs or more = 2 (Fig. 35) ; absent = 3. 125. Submentum and gula [C&G: 50; N&T: 20, mod.]: separated by internal ridge anterior to posterior tentorial pits = 0; fused = 1 (Fig. 35) . present, complete, distinctly membranous = 0; present, ± complete as fine groove or carina, not membranous = 1; absent, or very incomplete and evident only posteriorly near coxal cavity = 2 (Fig. 40). [ordered].
